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prognostic in non-small cell lung cancer?
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ABSTRACT

Blockade of immune checkpoints has recently emerged as a novel therapeutic strategy in various tumors. In particular,
monoclonal antibodies targeting programmed cell death 1 (PD-1) or its ligand (PD-L1) have been most studied in lung cancer,
and PD-1 inhibitors are now established agents in the management of non-small cell lung cancer (NSCLC). The reports on high-
profile clinical trials have shown the association of PD-L1 expression by immunohistochemistry (IHC) with higher overall
response rates to the PD-1/PD-L1 axis blockade suggesting that PD-L1 expression may serve as a predictive marker. Unfortunately,
however, each PD-1 or PD-LI inhibitor is coupled with a specific PD-L1 antibody, IHC protocol and scoring system for the
biomarker assessment, making the head-to-head comparison of the studies difficult. Similarly, multiple clinical series that
correlated PD-L1 expression with clinicopathologic and/or molecular variables and/or survival have reported conflicting results.
The discrepancy could be explained by the differences in ethnicity and/or histologic types included in the studies, but it appears to
be attributed in part to the differences in PD-L1 IHC methods. Thus, orchestrated efforts to standardize the PD-L1 IHC are

warranted to establish the IHC as a predictive and/or prognostic biomarker in NSCLC.
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Introduction

Recent advances in personalized medicine in non-small cell
lung cancer (NSCLC) have dramatically shifted the paradigm
of lung cancer treatment. The discovery of oncogenic driver
mutations and development of the corresponding targeted
agents, in particular in lung adenocarcinoma, have led to
significantly improved progression free survival (PFS) for
patients with advanced stage tumor harboring such a
mutation!. Subsequently, patients with advanced stage lung
cancer harboring an epidermal growth factor receptor
(EGFR) or anaplastic lymphoma kinase (ALK) mutation are
typically treated with the corresponding tyrosin kinase
inhibitor (TKI) as standard, first-line therapy?. However,
most patients eventually develop resistance to genotype-
specific therapies. In addition, a significant proportion of

patients with NSCLC do not have genetic alterations that are
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currently targetable with FDA-approved therapies’.

More recently, novel therapeutic strategies, such as
immunotherapy, have been investigated. Immunotherapy
consists of various forms of vaccination strategies to elicit
robust immune responses to tumor antigens*, and blockade
of immune checkpoints to reinstitute host antitumor
immunity’. Immune checkpoint molecules refer to a group
of immune receptors that upon engaged with their ligands
transmit an inhibitory signal to suppress effector function.
While these inhibitory pathways are critical for maintaining
self-tolerance and regulating the intensity and duration of
immune responses in peripheral tissues to minimize tissue
pathology, the same pathways can be used for cancer to evade
tumor immunity’. Thus, the blockade of immune
checkpoints may be effective in a variety of tumors that are
refractory to other therapies. Of those, monoclonal
antibodies targeting the programmed cell death-1 (PD-1, also
known as CD279) receptor and its ligand, programmed cell
death ligand-1 (PD-L1, also known as B7-H1) - a member of
B7-family, have been most studied in the field of lung cancer.
In early-phase clinical trials, PD-1 and PD-L1 inhibitors have
demonstrated impressive anti-tumor activity in NSCLC¢#. In
addition, randomized phase 3 trials in previously treated,
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advanced squamous and nonsquamous NSCLC have shown
that the PD-1 inhibitor, nivolumab, leads to significant
improvements in overall survival (OS) compared to single-
agent docetaxel>10. These results have led to the US Food and
Drug Administration (FDA) approval of nivolumab for
NSCLC patients with disease progression on or after
platinum-based chemotherapy. Similarly, another anti PD-1
agent pembrolizumab has been granted accelerated US FDA
approval for the treatment of patients with advanced
(metastatic) NSCLC whose disease has progressed after other
treatments and with tumors that express PD-L1
(http://www.fda.gov/NewsEvents/Newsroom/PressAnnounce
ments/ucm465444.htm). The recent report on the phase 2/3
study (KEYNOTE-010) has confirmed the efficacy of
pembrolizumab by demonstrating its association with
significantly improved OS compared to docetaxel among
patients with at least 50% of tumor cells expressing PD-L111.
In most analyses to date, increased PD-L1 expression by
immunohistochemistry (IHC) (Figure 1) has been associated
with higher overall response rates to the PD-1/PD-L1 axis
blockade suggesting that PD-L1 expression may serve as a
predictive marker6-819-12. Unfortunately, such studies have
invariably reported the presence of responders in patients
with PD-L1 negative tumors. In addition, multiple clinical
series have tired to identify clinicopathologic and/or
molecular predictors of PD-L1 expression and the prognostic

role of the expression, leading to the conflicting results. Thus,
in this review, the clinicopathologic/molecular correlates and
the predictive and prognostic value of PD-L1 expression in
NSCLC will be summarized, and the issues associated with
PD-L1 IHC will be discussed.

Mechanisms of PD-L1 expression
(Table 1)

To date, two different mechanisms of PD-L1 expression on
tumors have been described: innate immune resistance and
adaptive immune resistance’. The former represents the up-
regulation of PD-L1 expression secondary to constitutive
oncogenic signaling within tumor cells®. For example, Parsa
et al.13 found loss of phosphatase and tensin homolog
(PTEN), and the consequent activation of
phosphatidylinositol-3-OH kinase (PI3K) pathway
significantly increased PD-L1 expression in glioma. Similarly,
Marzec et al.!# have observed that NPM-ALK rearrangements
induce PD-L1 expression in anaplastic large cell lymphoma
as a result of downstream activation of signal transducer and
activator of transcription 3 (STAT3). Induction of PD-L1
expression has also been reported in NSCLC models
harboring EGFR mutations and EML4-ALK
rearrangements!>16. In particular, Chen et al.!” found that
EGEFR activation by EGF stimulation, exon-19 deletions, and

Figure 1 Representative images of PD-L1 immunostaining in lung squamous cell carcinoma. (A) No positive staining in the tumor cells.(B)

30% of the tumor cells with positive membranous staining. (C) The vast majority of the tumor cells with positive membranous staining.

Table 1 Mechanisms of PD-L1 expression on tumor cells

Adaptive immune

Innate immune resistance .
resistance

Other

Constitutive oncogenic signaling* Active tumor immunity
Loss of PTEN expression (PI3K leading to the production
pathway activation) of interferon y (and other
ALK rearrangements interferons and cytokines)
EGFR mutations

Simultaneous amplification of PD-L1 and JAK2 (chromosome 9p21)
MicroRNA

Upregulation of miR-20b, -21, -130b

Downregulation of miR-200, miR-197

Hypoxia (through the production of HIF1a)

Epithelial-mesenchymal transformation (up-regulation of ZEB1)

* Examples relevant to NSCLC



Cancer Biol Med Vol 13, No 2 June 2016

L858R mutation could induce PD-L1 expression through p-
ERK1/2/p-c-Jun but not through p-AKT/p-S6 pathway, and
the induced PD-L1 expression could lead to the apoptosis of
T cells through PD-1/PD-L1 axis in a co-culture system of
tumor cells and peripheral blood mononuclear cells obtained
from healthy volunteers. Furthermore, PD-L1 expression was
reduced in these models following treatment with the
corresponding TKIs. In clinical studies, several reports
suggested that EGFR mutations and ALK rearrangements
were associated with PD-L1 expression!>!® with up to 72% of
EGFR-mutant patients!® and 78% of ALK-rearranged
patients!® exhibiting positive expression. In the study with 56
EGFR-mutated advanced lung adenocarcinomas, PD-L1
expression was associated with greater disease-control rate
(P=0.004) and longer PFS (P=0.001) after EGFR TKI therapy
and longer OS (P=0.004)20. Other studies failed to find the
association between PD-L1 expression and these oncogenic
drivers, however?.

By contrast, in adaptive immune resistance, PD-L1
expression is induced on tumor cells secondary to local
inflammatory signals. When tumor antigen-specific T cells
recognize their cognate antigen expressed by cancer cells,
signaling through the T-cell receptor leads to the expression
of activation-induced regulatory receptors, including PD-1 as
well as the production of interferons that are aimed at
amplifying the immune response and attracting other
immune cells such as macrophages??. However, the
interferons, in particular interferon v, leads to expression of
PD-L1 on tumor cells and/or inflammatory cells including T
cells, NK cells, monocytes/macrophages, dendritic cells, B
cells and/or others?3, likely via the canonical type 2 interferon
receptor signaling?4. When engaged by PD-L1 or the other
ligand PD-L2, PD-1 inhibits kinases that are involved in T
cell activation through the phosphatase SHP250 leading to
apoptosis of T cells, although addi tional signaling pathways
are likely also induced™?>26. The observation that PD-L1
expression is often restricted in T cell-rich areas of tumors, in
particular at the invasive margin, supports the presence of
adaptive immune resistance in most cancer histologies*”?8. In
this setting, blockade of PD-1/PD-L1 interaction will
reinstitute the active antitumor immune response.

It is yet determined whether the mechanism underlying
tumor PD-L1 expression (i.e. innate vs. adaptive immune
resistance) impacts responsiveness to PD-1/PD-L1 inhibitors
in the clinic. However, clinical trial data have suggested that
EGFR-mutant patients have only modest response rates to
PD-1 blockade. For example, in the phase 3 randomized
CheckMate 057 trial with previously-treated non-squamous
NSCLC patients, the PD-1 inhibitor nivolumab led to a
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significant improvement in OS compared to docetaxel;
however, there was no difference between the two study arms
among a subset of EGFR-mutant patients!0.

Other mechanisms for up-regulation of PD-L1 expression
include simultaneous amplifications of PD-LI and JAK2,
both of which are located in the chromosome 9p21 region?’,
up- or down-regulation of micro RNAs3%-32, and hypoxia
(through the production of hypoxia inducible factor la,
HIF1a)3334. For instance, up-regulation of miR-20b, -21, and
-130b have been shown to result in PD-L1 expression
through down-regulation of PTEN expression in colorectal
cancer’?, while miR-200 suppresses the expression of PD-L1
on tumor cells that is restituted by an epithelial-
mesenchymal transformation activator, ZEB132.
Furthermore, miR-197 that is often down-regulated in
chemoresistant NSCLC suppresses cyclin-dependent kinase
CKS1B that facilitates phosphorylation of STAT3 leading to
PD-L1 expression as well as transcription of Bcl-2, c-Myc and
cyclin D131, Thus, down-regulation of miR-200 and miR-197
is associated with PD-L1 expression. As for hypoxia-related
PD-L1 expression, HIFla reportedly binds to a hypoxia-
response element in the PD-L1 proximal promoter34.

PD-L1 expression and
clinicopathologic and molecular
correlation in NSCLC

The recent clinical series reported various extents of PD-L1
expression in NSCLC raging from 7.4% to 72.7%. Similarly
the same series attempted to correlate PD-L1 expression with
clinicopathologic parameters and/or molecular alterations
leading to conflicting results (Table 2)18-21:35-47 In order to
overcome potential bias due to the limited sample size of
each cohort, a meta analysis including nine of the above
studies with 10 cohorts consisting of 1,550 NSCLC patients
was conducted and showed that, among several
clinicopathologic features, only poor differentiation of tumor
was a significant predictor of PD-L1 expression, and positive
smoking history was marginally associated with PD-L1
expression*s.

Now, multiple studies in various malignancies have shown
that PD-L1 expression is linked to significant tumor
infiltrating lymphocytes (TILs) in the tumor
microenvironment?>4246, Several studies with NSCLC
cohorts have included the analysis of TILs on routine stain
and/or THC in association with PD-L1 expression, again
leading to conflicting results!%36:37:42:43,:45,46 a]though more
recent studies have shown positive association of PD-L1
expression on tumor cells with increased TILs (Table 3). For
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Table 2 Correlation of PD-L1 expression with clinicopathologic and molecular variables and prognosis

Ethnicity

No. of subjects

Positive

Clinicopathological

Molecular

Reference (location) Total ADC  SCC Other stage cases (%) variables variables Prognosis
Konishi et Japan 52 21 31 0 I-IvV 26 (50.0) NS N/A N/A
al.43
Mu et al4> China 109 46 63 I-11I 58 (53.2) Adenocarcinoma N/A Shorter OS
histology: P=0.032 (P=0.034)
Chen et China 120 50 50 20 I-11I 69 (57.5) Moderate-well N/A Shorter OS
al.38 differentiation: (P<0.0001)
P=0.035, advanced
TNM stage (III):
P<0.001
Chen et China 208 46 130 32 I-1v 136 (65.3) Never smoker: N/A N/A
al.3? P=0.036 negative LN
metastasis: P=0.009
Velcheti et US, Greece 544 226 182 50 I-1Iv Greece: 75 Greek cohort: N/A Greece: longer
al.46 (24.9), US: 56 advanced pathologic 0OS (P=0.031),
(36.1) stage P=0.011, Yale: longer OS
inflammation P=0.03; (P=0.037)
Yale cohort:
squamous histology
P=0.009,
Inflammation P<0.001
D'Incecco Italy 125 83 23 19 v 68 (55.3) Adenocarcinoma EGFR Longer TTP (11.7
et al4t histology: P=0.005 mutations: vs. 5.7 months,
P=0.001 P<0.001), longer
OS (219 vs. 125
months, P=0.09)
Azuma et Japan 164 114 50 0 I-11 82 (50.0) Women: P<0.001, EGFR Shorter OS (55.9
al.3> never smoker: mutations: vs. 72.6 months,
P<0.001, P<0.001 P=0.039)
Adenocarcinoma
histology: P<0.001
Mao et China 128 67 61 0 I-11I 96 (72.7) Larger tumor size: N/A Shorter OS (28.7
al.A4 P=0.04, nodal vs. 60.6 months,
involvement: P=0.04, P<0.01)
higher stage (stage
IIl): P=0.04
Tang et China 170 145 25 MB-IV 112 (65.9) NS ADC Shorter OS in
al.18 cohort: EGFR wild-type
EGFR cohort
mutations (P=0.029)
P=0.067
Cooper et Australia 678 276 261 131 [-1II 50 (7.4) Younger age: P<0.05, NS Longer OS in
al4o poor differentiation: the overall
P<0.01 cohort (113.2 vs.
85.5 moths,
P=0.023), SCC
(P=0.023) and
non-ADC
(P<0.01)
Boland et  US 214 0 214 0 I-Iv 42 (19.6) N/A N/A No significant
al3se associations

Table 2 (continued)
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Table 2 (continued)
Ethnicity ~ INO- of subjects Positive Clinicopathological Molecular )
Reference . Stage . . Prognosis
(location) Total ADC  SCC Other cases (%) variables variables
Kim et al 42 Korea 331 0 331 0 I-11I 89 (26.9) CDS8 TILs: P<0.001, EGFR No significant
early stage (I, II): protein associations
P=0.059 expression:
P=0.027
Yang et Taipei, 163 163 0 0 I 65 (39.9) Poor differentiation: NS Longer RFS
al.47 China P=0.015, vascular (P=0.027)
invasion: P=0.038
Zhang et  China 143 143 0 0 I-11I 70 (49) Advanced tumor (T) NS Shorter RFS
al.2t status (T,,): P=0.034, (P<0.001),
node involvement shorter OS
(Ny,): P=0.024, (P=0.002)
advanced pathologic
stage (II-1II): P=0.005,
solid predominant
pattern: P=0.032
Koh et Korea 497 497 0 0 I-11I 293 (59) Smoking: P=0.056, ALK+: Shorter
al.19 poor differentiation: P=0.054, disease-free
P<0.001, solid or EGFR survival
micropapillary protein (P<0.001)
pattern: P<0.001, LN  expression:
metastasis: P=0.006 P<0.001,
MET
protein
expression:
P<0.001,
MET FISH
positivity:
P=0.037
Lin et al.20 China 56 56 0 0 Advanced 30 (53.6) NS N/A Greater
EGFR- disease-control
mutated rate (P=0.004)
and longer PFS
(P=0.001) after
EGFR TKI
therapy and
longer OS
(P=0.004)
Calles et us 114 I-Iv 27 (24) Smoking: P=0.03 N/A N/A
al.37 KRAS- advanced stage (IV):
mutated P=0.046
NSCLC

N/A: not available; NS: not significant; OS: overall survival; PFS: progression-free survival; RFS: relapse-free survival; TTP: time to progression

instance, tumors with positive PD-L1 expression by
immunofluorescence (AQUA) exhibited prominent (grade 2-
3) TILs on routine histology in both Greek and US cohorts*.
In the study using Aperio system for counting intratumoral
CD8+ or PD-1+ immune cells, PD-L1 expression was
significantly associated with increased CD8+ TILs, but not
with increased PD-1+ TILs in a squamous carcinoma

cohort*2. Interestingly, these studies also reported increased

TILs as a predictor of improved patient outcomes!®.
Similarly, in our resent study with a cohort of 242 lung
adenocarcinomas, we demonstrated the association of PD-L1
expression on tumor cells with increased CD8+ and/or T-
bet+ (a Thl pathway transcription factor) TILs as well as a
predictive role of increased CD8+ TILs for both improved
recurrence-free survival and OS#°. Of note, we used PD-L1
IHC with clone E3L1N (Cell Signaling Technology, Danvers,
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Table 3 Tumoral immune cell infiltration in association with PD-L1 expression on tumor cells and prognosis

Reference Immune cells Method/cut-off Correlation with PD-L1 expression ~ Prognosis

Konishi et al43 CD45, PD-1 %CDA45+ and CD45+PD-1+TILs (per Reduced CD45+ cells (22.6% vs. N/A
1,000 nuclei or per 500 CD45+ cells) 51.5%, P=0.01) and reduced PD-
in PD-L1 positive and negative 1+CD45+ TILs (7.1% vs. 20.2%,
regions of 5 selected cases P=0.02) in the PD-L1+ regions

Mu et al 4> CD1la+ TIDC, Median value of all semiquantitative Increased CDla+ TIDC (no P-value N/A

CD83+ TIDC H-scores described)

Velcheti et al 46 TILs on HE Semiquantitative scoring on a four-  Increased (grade 2-3) TlLs in both  Increased TILs associated

tiered scale* Greece (P=0.0002) and US with longer OS in both
(P=0.001) cohorts Greece (log-rank

P=0.015) and US (log-

rank P=0.009) cohorts

Mao et al.#4 TIA-1, INF-y Positive TILs were counted in at least NS High infiltration of TIA-1+
5 HPFs within tumor cells and and INF-y+ TILs
peritumoral stroma, and the final associated with longer OS
score was based on semiquantitative (P<0.01 and P=0.02,
assessment on a four-tiered scale (0- respectively)

1: low infiltration and 2-3: high
infiltration)

Boland et al36  TILs on HE Semiquantitative scoring on a four- NS (average score 2.0 in PD-L1+ N/A
tiered scale tumors and 1.9 in PD-L1 negative

tumors)

Kim et al.42 PD-1, CD8 The number of PD-1+ and CD8+ Increased CD8+TILs (P<0.001), but Increased PD-1+ TILs
TILs per unit area were calculated not PD-1+ TILs (>30/mm2) and CD8+
from the intact tumor areas using TILs (>450/mm?2)

Aperio, and the quantity of PD-1+ associated with longer OS
and CD8+ TILs in each case was (P=0.042 and P=0.039,
classified as high and low using the respectively)

median of all cases as a cut-off

Yang et al.4’ TILs on HE Semiquantitative scoring on a four- NS NS
tiered scale

Koh et al.19 PD-1, CD8 The number of PD-1+ and CD8+ The ratio of PD-1+/CD8+ TILs Increased PD-1+ TILs
TILs per unit area were calculated slightly higher in tumors with PD-  (>25/mm?) and CD8+
from the intact tumor areas using L1 expression (P=0.066) TILs (>100/mm?2)

Aperio associated with longer OS
(P=0.025 and P=0.003,
respectively) and high
PD-1+ TILs/CD8+ TILs
(>0.25) associated with
shorter OS (P=0.030)

Lin et al.20 PD-1, CD4, CD8 Semiquantitative H score was NS NS for PD-1, N/A for CD4
calculated for PD-1 expression in and CD8
tumoral immune cells and the mean
of all H scores was used as a cut-off.

For CD4 and CD8, positive

expression in TILs was

semiquantitatively scored on a four-

tiered scale, and score >1 was

considered positive

Calles et al 37 PD-1, CD3 Positive TILs were counted 5 (20x Marginal association of higher N/A

fields), and the average absolute
number was recorded

number of PD-1+ TILs with strong
intensity of PD-L1 expression in
tumor cells, and PD-L1 expression
>10% in immune cells associated
to higher number of PD-1+ TILs
(P=0.039)

N/A: not available; NS: not significant; TIDC: tumor infiltrating dendritic cells; TILs: tumor infiltrating lymphocytes.
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MA, USA) and Leica automation (Leica Microsystems,
Bannockburn, IL), and the PD-L1 expression was considered
positive if membranous +/- cytoplasmic staining intensity
was present in 5% or more of tumor cells#.

Given that the limited number of studies included
molecularly annotated cohorts, a meta analysis to evaluate
correlation of PD-L1 expression with molecular alterations
has not been conducted. As mentioned above, some studies
have reported the association of PD-L1 expression with
EGFR mutations, or EGFR protein overexpression (in
squamous cell carcinomas) but others did not find the
association!®18.21.35 Interestingly, the recent report on an
early-phase clinical trial of pembrolizumab for the treatment
of NSCLC has shown no difference in PD-L1 expression
between EGFR mutants and EGFR wild-type tumors (18/54
vs. 95/288, P=1.000) in a subset analysis, while there was
significant association between PD-L1 expression and KRAS
mutations. Of 52 tumors harboring a KRAS mutation 44.2%
exhibited PD-L1 expression in 50% or greater of the tumor
cells, while 26.8% of 157 KRAS wild-type tumors were
positive for PD-L1 overexpression (P=0.0003)°. Similarly, in
the study evaluating PD-L1 expression in 60 NSCLC tumor
samples using IHC with clone 28-8 and a cut-off of 5%
(>5%) for positivity, Harbison et al.>® found that 42% of the
tumor samples were positive for PD-L1 expression. Of those
53 tumors were tested for KRAS mutations, and PD-L1
expression was associated with the presence of KRAS
mutations (8/10 vs. 15/43 with negative KRAS mutations,
P=0.014). Furthermore, by a gene expression analysis using
an Affymetrix platform they revealed sharp demarcation of
PD-L1 gene expression between PD-L1 IHC positive and
negative tumors, and overexpression of several immune-
related genes (e.g. interferon y) and other genes involved in
immune-cell regulation, tumor progression or signaling
pathways (e.g. MET) in PD-L1 IHC positive tumors.”® In the
aforementioned study of ours, a subset analysis of a
molecularly annotated cohort (n=128) revealed association
of PD-L1 expression and KRAS mutations and their
associated features, including smoking history and solid
predominant pattern of histology. Notably, 38% of KRAS
mutants demonstrated both PD-L1 expression and increased
CD8+ TILs, while only 5.1% of non-KRAS mutants exhibited
concurrent PD-L1 and increased CD8+ TILs, and none of
those had driver alterations identified by clinical molecular
testing®.

These results suggest the presence of acquired immune
resistance in at least a subset of KRAS-mutated NSCLC, and
blockade of the PD-1/PD-L1 axis may be a promising
treatment strategy for those tumors. In fact, patients with a
KRAS-mutated tumor more likely experienced benefits from
treatment with nivolmab as shown in the phase 3 clinical trial

163

on nivolumab vs. docetaxel in advanced nonsquamous
NSCLC!0.

Prognostic role of PD-L1 expression
in NSCLC

The previously mentioned meta analysis has shown the
association of PD-L1 expression with reduced OS (HR=1.47;
95% CI: 1.19-1.83; P=0.0004)*3, while a more recently
conducted meta analysis including 11 of the studies with 12
cohorts consisting of 1, 653 NSCLC patients failed to show a
role of PD-L1 expression in predicting OS (HR=1.21, 95%
CI: 0.85-1.71, P=0.29)%!. Of note, the majority of cohorts
included in the two studies consisted of Chinese patients, and
a subgroup analysis showed a significant association between
PD-L1 expression and reduced OS in Chinese patients
(HR=1.55; 95% CI: 1.04-2.29, P=0.03) in the latter study.
Thus, the conflicting results may be due in part to difference
in ethnicity. In addition, the differences in PD-L1 antibody
clones, IHC protocols and scoring systems used in the
various studies (Table 4) could contribute to the conflicting
results. In fact, positive PD-L1 expression determined by IHC
using rabbit and/or polyclonal antibodies were associated
with reduced OS in the aforementioned meta analysis’!.

PD-L1 expression as a predictive
marker

As mentioned earlier, a series of high profile clinical trials
demonstrated the benefit of PD-1 inhibitors pembrolizumab
in advanced NSCLC and nivolumab in advanced squamous
and nonsquamous NSCLC, and subsequently both agents
have been approved as second line therapies by FDA®?10,
PD-L1 inhibitors atezolizumab and durvalumab have also
demonstrated efficacy in various tumors including
NSCLC!232, Although only preliminary clinical data is
available on these PD-L1 inhibitors to date, it is possible that
those agents will be granted FDA approval in 2016.Notably,
membranous +/- cytoplasmic expression of PD-L1 in
targeted cells demonstrated by IHC appears associated with
response to PD-1/PD-LI inhibitors (Figure 2)%1%1252. Garon
et al.showed that patients whose tumors had PD-L1
expression in >50% tumor cells were significantly more likely
to respond to pembrolizumab than those with <50% tumor
cell expression. Among all the patients, the objective response
rate was 19.4%, and the median PFS and OS were 3.7 months
and 12.0 months, respectively, while among the patients with
PD-L1 expression in >50% tumor cells, the overall response
rate was up to 45.2%, and the median PFS and OS were 6.3
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Table 4 Comparison of PD-L1 IHC evaluations

Reference Type. of PD-L1 clone  Method Cut-off Mgmbranous/cytoplasmlc Positive cases
specimen staining (%)
Konishi et Resectiona M1H1 Manual 11% (median percentage of Membranous and/or 26 (50.0)
al43 (homemade) tumor cells expressing PD-  cytoplasmic staining of
L1) tumor cells
Mu et al.4> Resection? N/A Manual Median value of all Membranous and/or 58 (53.2)
semiquantitative H-scores cytoplasmic staining of
tumor cells
Chen et al.38  ResectionP Clone Manual IRS>3e Membranous and/or 69 (57.5)
236A/E7 cytoplasmic staining of
polyclonal tumor cells
(Abcam)
Chen et al.3® Resction or Rabbit Manual IRS>3e Membranous and/or 136 (65.3)
CT-guided polyclonal cytoplasmic staining of
biopsy2 (Abcam) tumor cells (expression on
tumor associated
macrophages was separately
evaluated)
Velcheti et Tissue 5H1 (Yale) AQUA PD-L1 protein cutoff for Membranous staining on Greece: 75
alAe microarray? expression in our study was  tumor cells (24.9), US: 56
defined as the AQUA score (36.1)
of first signal detection
beyond the signal intensity
in FFPE samples from
normal lung and negative
controls
D'Incecco et N/A2 Ab58810 Manual Staining intensity with score  Not reported 68 (55.3)
al4l (Abcam) 2 or more in >5% tumor
cells
Azuma et Resection? Rabbit Ventana No cut-off: H-score was Membranous and/or 82 (50)
al3s polyclonal automated appliedd cytoplasmic staining of
(Lifespan system tumor cells
Biosciences)
Mao et al#  ResectionP Clone 2H11  Manual IRS>2 Membranous and/or 96 (72.7)
(no vender cytoplasmic staining of
available) tumor cells
Tang etall®  N/Ac PD-L1 EIL3N Manual >5% (regardless of intensity) Membranous and/or 112 (65.9)

(CST)
Cooper et Resection? 22C3 (DAKO) DAKO
al.40 Automated
system
Boland et Resectiona Clone 5H1 Manual
al.36
Kim et al.42 ResectionP PD-L1 EIL3N Ventana
(CST) automated
system
Yang et al.#”  ResectionP Mouse anti ~ Manual
PD-
L1/CD274
monoclonal
(Proteintech
Group)

>50% (regardless of
intensity)

>1% (regardless of intensity)

IHC 2 (moderate) and 3
(strong) in >10% of tumor

cells

>5% (regardless of intensity)

cytoplasmic staining of

tumor cells

Membranous staining on

tumor cells

Membranous and

circumferential staining on

tumor cells

Membranous staining on

tumor cells

Membranous staining on

tumor cells

50 (7.4%): 5.1%
in ADC, 8.1% on
SCC, 12.1%

42 (19.6)

89 (26.9)

65 (39.9)

Table 4 (continued)
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Table 4 (continued)
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Type of

Membranous/cytoplasmic

Positive cases

Reference . PD-L1 clone  Method Cut-off L
specimen staining (%)
Zhang et al.2! ResectionP SAB2900365 Manual >8 (median quick score 0-  Membranous and/or 70 (49)
(Sigma- 18) cytoplasmic staining of
Aldrich) tumor cells
Koh et al.19 Resectionb PD-L1 E1L3N Ventana IHC 2 (moderate) and 3 Membranous and/or 293 (59)
(CST) automated (strong) in >10% of tumor cytoplasmic staining of
system cells tumor cells
Lin et al.20 Resection or ab58810 Manual Mean value of all Membranous and/or 30 (53.6)
biopsy?2 (Abcam) semiquantitative H-scoresd  cytoplasmic staining of
tumor cells
Calles et al.37 N/A2 Clone 9A11  Manual >5% (regardless of intensity) Membranous staining on 27 (24)
(Gordon tumor cells
Freeman's
laboratory,
DFCI)

a: information regarding treatment prior procurement of the specimen is not available; b: no patients received any treatment prior
procurement of the specimen; c: asubset of the patients received treatment prior procurement of the specimen; d: calculated by
multiplying proportion of tumor cells with PD-L1 (0-3) by staining intensity score (0-3); e: calculated by multiplying staining intensity (0-3)
x fraction of positive cells (0-3 based on % of positive tumor cells).

50%
Nivolumab Pembrolizumab Atezolizumab Durvalumab
45%
40%
35%
o 30%
o
2 25%
&
=3 20%
<
o 15%
=
3 10%
Q
S I I 1
0%
e\o Q\o e\o 00 e o o N \ O 1\) NN
S N ST AT Y \0 & IS Rt
e\o °\°~ O & Q¥ <
7‘0 \":> & 00
’1/ r&’ &
&O
Antibody 28-8 (Dako) 22¢3 (Dako) SP142 (Ventana)
Scoring Tumor cells Tumor cells Tumor and immune cells Tumor cells

* Nonsquamous NSCLC

** TC: tumor cells, IC: immune cells

Figure 2 PD-L1 expression and response to PD-1/PD-L1 inhibitors in NSCLC.

months and not reached, respectively. Their study applied
the Dako PD-L1 IHC 22C3 pharmDx test on the Autostainer
Link 48 (Dako, Carpinteria, CA), and this combination of
antibody clone and detection system was approved by FDA as
a companion diagnostic to select NSCLC patients for

SP263 (Ventana)

treatment with pembrolizumab (Table 5)°. Similarly, in the
phase 3 study comparing efficacy of nivolumab and docetaxel
in previously treated, advanced nonsquamous NSCLC,
nivolumab was associated with longer OS and PFS and higher
objective response rates than docetaxel in the groups of
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Table 5 PD-L1IHC assays applied in clinical trials
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. . Positive

Drug/company FDA approval mAb Platform Scoring criteria expression Comments
Pembrolizumab  Approved for 22C3 (DAKO Link 48 >50% tumor 23% (>50%) Companion
(Keytruda)/Merck  NSCLC pharmDx) autostainer cellsa 38% (1%-49%) diagnostic
Nivolumab Approved for 28-8 (DAKO Link 48 >1% tumor cellsa  SqCC ADC Complementary
(Opdivo)/ Bristol-  squamous and pharmDx) autostainer 31% 46% (>10%) diagnosticc
Myers Squibb non squamous 36% 51% (>5%)

NSCLC 53% 69% (>1%)
Atezolizumab Expected in 2016  SP142 Information not ~ Tumor cells IHC3- 6%
(MPDL3280)/ currently available and/or tumor IHC2/3-37%
Roche infiltrating IHC1/2/3-68%

immune cellsP

Durvalumab Expected in 2016  SP243 Information not >25% tumor 41%
(MED14736)/ currently available cells2

Astra Zeneca

a: membranous staining; b: IHC3 [tumor cell (TC)3 or immune cell (IC)3]: PD-L1 expression in >50% of tumor cells or >10% of immune
cells, IHC 2/3 (TC2/3 or IC2/3): PD-L1 expression in >5% of tumor cells or immune cells, IHC1/2/3 (TC1/2/3 or IC1/2/3): PD-L1 expression
in >1% of tumor cells or immune cells, IHCO (TCO and IC0), PD-L1 expression in <1% of tumor cells and <1% of immune cells.c: PD-L1
expression is predictive of response only in non-squamous NSCLC. FDA: the US Food and Drug Administration; SqCC: squamous cell

carcinoma; ADC: adenocarcinoma.

patients whose tumors exhibited PD-L1 expression levels of
>1%, >5%, and >10%, but not in patents with PD-L1
expression in <1% of tumor cells (31% vs. 9% for the >1%
group and 12% vs. 15% for the <1% group), indicating that
PD-L1 expression enriches for responders!?. Of note, PD-L1
expression did not predict differential response to nivolumab
in lung squamous cell carcinoma as compared to docetaxol®.
In the nivolumab trials, PD-L1 IHC was performed with the
same Dako detection system but a different antibody clone
(28-8, Abcam, Cambridge, MA) (Table 5)10. As for the
response to PD-L1 inhibitors, in the recent report on the
phase 2 clinical trial (POPLAR) comparing atezolizumab
(MPDL3280A) and docetaxel in previously treated NSCLC
patients, atezolizumab treatment led to improved OS (HR
0.63, 95% CI 0.42-0.94, P=0.024) in the group with positive
PD-L1 expression, but not in the PD-L1 negative group (HR
0.70, 95%IC 0.64-1.93, P=0.70)!2. Of note, the evaluation of
PD-L1 expression appears more complex in atezolizumab
trials since the expression in both tumor cells and
intratumoral immune cells are taken into account (Table 5).
There is no mature information available for durvalumab yet,
but the preliminary results of the phase 1/2 clinical trial
indicate the association of PD-L1 expression with likelihood
of response to the agent®2. The absence of expression,
however, is not an absolute indicator of the lack of response,
since a small fraction of patients with PD-L1 negative tumors
also responded to the PD-1/PD-L1 agent in all the above
trials. Thus, the predictive value of PD-L1 IHC is not at the
same level as that of molecular testing for EGFR mutations or

ALK rearrangements.

Now, accumulating evidence suggests immunologic effects
of platinum chemotherapeutics on the tumor
microenvironment that enhance anti-tumor T cell immunity
due in part to down-regulation of PD-1 pathway. Thus
positive PD-L1 expression may serve as a predictor of
response to platinum-based chemotherapy not only in
advanced NSCLC but also in early stage tumors. The possible
immunologic effects by platinum agents include: 1)
attraction of dendritic cells through ATP released from
tumor cells dying from platinum exposure and phagocytosis
of dying cells with expression of calreticulin on their surface
by the dendritic cells; 2) the extracellular ATP, together with
high mobility group box-1 (HMGB-1), leading to dendritic
cell maturation and upregulation of costimulatory molecules
and presentation of tumor-specific peptides on MHC class I;
3) the maturation of dendritic cells in the presence of
platinum drugs resulting in downregulation of PD-L1 and
PD-L2 on the dendritic cells, increasing their T-cell
activation potential; 4) inactivation of STAT6 in the tumor
cells, leading to decreased PD-L2 expression, resulting in
enhanced recognition and killing by the tumor-specific T
cells; 5) upregulation of M6P receptor on tumor cells leading
to enhanced tumor cell lysis by granzyme-B secreted by the
activated T cells®3. Tumor cells with PD-L1 expression are
often present in association with cytotoxic T cell/Thl
microenvironment, thus they may be more sensitive to
platinum-based chemotherapies since the platinum
chemotherapeutics could restitute the immune
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microenvironment. In a study with resected stage 2-3 lung
adenocarcinomas, we have shown improved recurrence-free
survival in patients with PD-L1 positive tumor compared to
those with PD-L1 negative tumor after treatment with
platinum-based adjuvant therapy, supporting the
hypothesis®. The recent study with stage 3 NSCLC patients
who underwent concurrent chemoradiation therapy found
no correlation between PD-L1 expression and OS or PFS,
however®>. Although the discrepant results could be
explained by the differences in treatment modalities (i.e.
chemotherapy only in the adjuvant setting vs. concurrent
chemoradiation therapy), ethnicity and PD-L1 IHC methods,
larger-scale, prospective studies are warranted to determine
the predictive role of PD-L1 expression in
chemotherapy/chemoradiation therapy settings.

Issues associated with PD-L1 IHC

As discussed earlier, the clinical series reported conflicting
results on clinicopathologic and/or molecular characteristics
as well as survival of NSCLC with PD-L1 expression. It is
attributed in part to the difference in ethnicity of the cohorts,
but it could also be explained by the diversity of PD-L1
antibody clones and plethora of detection systems (Table 4).
Several companies have developed different primary
antibodies against PD-L1 protein consisting of monoclonal
or polyclonal antibodies and those targeting the intracellular
or extracellular domain®¢. Of those, four monoclonal
antibodies, 22C3, 22-8, SP142 and SP263, that are used in a
biomarker assay in the main clinical trials for PD-1/PD-L1
inhibitors have been most vigorously validated (Table 5). To
date, however, there has been no head-to-head comparison
of sensitivity for PD-L1 expression between the four clones.
In order to elucidate the issue of interassay concordance,
McLaughlin, et al.’” recently compared the extent of PD-L1
expression between SP142 and one of the most carefully
validated non-trial monoclonal antibodies, E1L3N, by
quantitative immunofluorescence, and showed significant
discordance in the expression between the two clones (25%
in 588 serial section fields). Of note, both SP142 and E1L3N
are against the intracellular domain of PD-L1. Furthermore,
clinical trials for each PD-1 or PD-L1 inhibitor apply not
only a specific antibody coupled with the specific detection
system but also a specific scoring method/cut-offs (Table 5).
The absence of universally accepted reference standard for
PD-L1 IHC and its interpretation makes comparison of the
results of clinical studies and trials extremely difficult. Thus,
efforts to standardize the IHC protocol or at least to compare
performance of the assays with respect to targets, intensities,
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frequency of staining, etc. are warranted (http://www.aacr.
org/AdvocacyPolicy/GovernmentAffairs/Pages/industry-
working-group-blueprint-proposal.aspx#.VpxhtLTWuCs).

Another important issue is intratumoral heterogeneity in
PD-L1 expression. In the McLaughlin study, the concordance
of PD-L1 expression between the tissue microarray core and
the corresponding whole tumor section in 49 NSCLC cases
was not significant®’. Ilie et al.’® recently compared PD-L1
expression using clone SP149 between the preoperative
biopsy and the corresponding resections in 160 NSCLC
patients and found significant discordance between the two
(the overall discordance rate=48% and k value=0.218).
Interestingly, the discordance was mainly attributed to
negative or reduced immune cell scores in the biopsies
compared to those in the resection specimens. Given that
immune cell infiltration is often focal in the tumor area, PD-
L1 THC interpretation that includes the evaluation of
immune cells appears to be more sensitive to the
heterogeneity of PD-L1 expression. As mentioned earlier,
however, all the biomarker assessments of the four clinical
trial antibody clones have reported a small fraction of
patients with PD-L1 negative tumors responding to anti PD-
1/PD-L1 agents, and it could be explained by the
underdetection of PD-L1 expression in the biopsy sample
from advanced NSCLC due to intratumoral heterogeneity.

Similarly, intertumoral heterogeneity in PD-L1 expression
is not insignificant. Kim and colleagues analyzed 331 resected
pulmonary squamous cell carcinomas and showed that PD-
L1 expression status maintained in 70.3% of metastatic
regional lymph nodes, while PD-L1 expression was present in
the primary tumor and absent in the metastatic lymph node
in 18.9%, and the reverse was true in 10.8%%2. We also
observed the similar discrepant rate (25%) between the
primary tumor and nodal metastasis as well as between nodal
metastases in stage 2 and 3 lung adenocarcinomas®%. These
results raise a concern about selecting the most appropriate
tissue sample for assessment of PD-L1 expression that will
determine the eligibility for treatment with anti-PD-1/PD-L1
agents.

Finally, Kim et al.>® have reported that significant paired
samples obtained from the patient at different time points (a
mean interval of 20.9 months) showed discrepant PD-L1
expression by IHC using the 22C3 clone suggesting dynamic
changes in PD-L1 expression in the given tumor. Thus, it
may be important to assess PD-L1 expression in a newly
procured tissue sample before treatment with PD-1/PD-L1
inhibitors.
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Other possible markers to predict
response to anti-PD-1/PD-L1 agents

Given the not perfect negative predictive value of PD-L1
IHC, additional biomarkers in selecting patients for
treatment with anti-PD-1/PD-L1 agents are warranted. The
study by Rivzi et al.®0 has shown the association of improved
objective response, durable clinical benefits and PFS with
higher nonsynonymous mutation burdens in tumors
depicted by whole-exome sequencing in NSCLC treated with
pembolizumab. The efficacy also correlated with the
molecular smoking signature, higher neoantigen burden and
DNA repair pathway mutations. Similarly, Ribas et al.®! has
reported the utility of nanostring profiling of INFy signaling
markers, antigen presenting machinery and T-cell-specific
makers in predicting response to PD-1 blockade with
pembrolizumab in melanoma patients. These genes/markers
will likely be rigorously validated using clinical trial samples
and/or those from clinically treated patients since the
advance in technology has made these rather sophisticated
methods feasible for formalin-fixed paraffin-embedded tissue
samples. Given the hypothesis that the response to PD-1/PD-
L1 axis blockade occurs in patients with a pre-existing INF-
mediated adaptive immune response, the demonstration of
cytotoxic T cell/Th1l immune environment (CD8+ and/or a
Th1 transcription factor, T-bet) by IHC and/or the detection
of increased INFy in the tumor tissue by in situ hybridization
(ISH) may be proven useful.

Conclusions

Both clinicopathologic studies and clinical trials evaluating
PD-L1 expression in NSCLC have used various PD-L1 IHC
methods including antibody clones, IHC protocols, target cell
types and cut-offs for positivity, and have led to conflicting
results and difficulty in the head-to-head comparison of
efficacy between various anti-PD-1/PD-L1 agents,
respectively. Thus, orchestrated efforts to standardize the
IHC protocol or at least to compare performance of the
assays with respect to targets, intensities, frequency of
staining, etc. are warranted to establish PD-L1 expression by
IHC as a predictive and prognostic biomarker in NSCLC. In
addition, the issues of intratumoral, intertumoral and
temporal heterogeneity of PD-L1 expression should be
addressed to identify the best sample to conduct PD-L1 IHC.
Finally, given the not perfect negative predictive value of PD-
L1 expression, additional biomarkers in selecting patients for
treatment with anti-PD-1/PD-L1 agents need to be explored.

Acknowledgements

This work was supported by a Stand Up To Cancer-American
Cancer Society Dream Team Translation Research Grant.
The author thanks Ms. Tiffany Huynh and Ms. Cris
Kenudson for editorial supports.

Conflict of interest statement

Mari Mino-Kenudson has served as a consultant for
Merrimack Pharmaceuticals.

References

1.  Patel JD, Krilov L, Adams S, Aghajanian C, Basch E, Brose MS, et
al. Clinical cancer advances 2013: annual report on progress against
cancer from the American society of clinical oncology. J Clin
Oncol. 2014; 32: 129-60.

2. Ettinger DS, Wood DE, Akerley W, Bazhenova LA, Borghaei H,
Camidge DR, et al. Non-Small cell lung cancer, version 6.2015. J
Natl Compr Canc Netw. 2015; 13: 515-24.

3. Kris MG, Johnson BE, Berry LD, Kwiatkowski DJ, Iafrate AJ,
Wistuba 2, et al. Using multiplexed assays of oncogenic drivers in
lung cancers to select targeted drugs. JAMA. 2014; 311: 1998-2006.

4.  Baxevanis CN, Perez SA. Cancer dormancy: a regulatory role for
endogenous immunity in establishing and maintaining the tumor
dormant state. Vaccines (Basel).2015; 3: 597-619.

5. Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer. 2012; 12: 252-64.

6.  Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder JP,
et al. Pembrolizumab for the treatment of non-small-cell lung
cancer. N Engl ] Med. 2015; 372: 2018-28.

7.  Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, Gordon MS,
et al. Predictive correlates of response to the anti-PD-L1 antibody
MPDL3280A in cancer patients. Nature. 2014; 515: 563-7.

8.  Topalian SL, Hodi FS, Brahmer JR, Smith DC, Mcdermott DF,
Carvajal RD, et al. Safety, activity, and immune correlates of Anti-
PD-1 antibody in cancer. N Engl ] Med. 2012; 366: 2443-54.

9.  Brahmer J, Reckamp KL, Baas P, Crind L, Eberhardt WE,
Poddubskaya E, et al. Nivolumab versus docetaxel in advanced
squamous-cell non-small-cell lung cancer. N Engl ] Med. 2015; 373:
123-35.

10. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, et
al. Nivolumab versus Docetaxel in advanced nonsquamous non-
small-cell lung cancer. N Engl ] Med. 2015; 373: 1627-39.

11. Herbst RS, Baas P, Kim DW, Felip E, Pérez-Gracia JL, Han JY, et al.
Pembrolizumab versus docetaxel for previously treated, PD-L1-
positive, advanced non-small-cell lung cancer (KEYNOTE-010): a
randomised controlled trial. Lancet. 2015 Dec 18. p2: S0140-
6736(15)01281-7. [Epub ahead of print]

12. Spira Al, Park K, Mazieres ], Vansteenkiste JF, Rittmeyer A,
Ballinger M, et al. Efficacy, safety and predictive biomarker results



Cancer Biol Med Vol 13, No 2 June 2016

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

from a randomized phase 2 study comparing MPDL3280A vs
docetaxel in 2L/3L NSCLC (POPLAR). J Clin oncol. 2015; 33
(suppl): abstr 8010.

Parsa AT, Waldron JS, Panner A, Crane CA, Parney IF, Barry JJ, et
al. Loss of tumor suppressor PTEN function increases B7-H1
expression and immunoresistance in glioma. Nat Med. 2007; 13:
84-8.

Marzec M, Zhang Q, Goradia A, Raghunath PN, Liu X, Paessler M,
et al. Oncogenic kinase NPM/ALK induces through STAT3
expression of immunosuppressive protein CD274 (PD-L1, B7-H1).
Proc Natl Acad Sci U S A. 2008; 105: 20852-7.

Ota K, Azuma K, Kawahara A, Hattori S, Iwama E, Tanizaki J, et al.
Induction of PD-L1 expression by the EML4-ALK oncoprotein and
downstream signaling pathways in Non-Small cell lung cancer. Clin
Cancer Res. 2015; 21: 4014-21.

Akbay EA, Koyama S, Carretero J, Altabef A, Tchaicha JH,
Christensen CL, et al. Activation of the PD-1 pathway contributes
to immune escape in EGFR-driven lung tumors. Cancer Discov.
20135 3: 1355-63.

Chen N, Fang W, Zhan J, Hong S, Tang Y, Kang S, et al.
Upregulation of PD-L1 by EGFR activation mediates the immune
escape in EGFR-Driven NSCLC: implication for optional immune
targeted therapy for NSCLC patients with EGFR mutation. J
Thorac Oncol. 2015; 10: 910-23.

Tang Y, Fang W, Zhang Y, Hong S, Kang S, Yan Y, et al. The
association between PD-L1 and EGFR status and the prognostic
value of PD-L1 in advanced non-small cell lung cancer patients
treated with EGFR-TKIs. Oncotarget. 2015; 6: 14209-19.

Koh J, Go H, Keam B, Kim MY, Nam SJ, Kim TM, et al.
Clinicopathologic analysis of programmed cell death-1 and
programmed cell death-ligand 1 and 2 expressions in pulmonary
adenocarcinoma: comparison with histology and driver oncogenic
alteration status. Mod Pathol. 2015; 28: 1154-66.

Lin C, Chen X, Li M, Liu J, Qi X, Yang W, et al. Programmed
Death-Ligand 1 expression predicts tyrosine kinase inhibitor
response and better prognosis in a cohort of patients with
epidermal growth factor receptor Mutation-Positive lung
adenocarcinoma. Clin Lung Cancer. 2015; 16: €25-35.

Zhang Y, Wang L, Li Y, Pan YJ, Wang R, Hu HC, et al. Protein
expression of programmed death 1 ligand 1 and ligand 2
independently predict poor prognosis in surgically resected lung
adenocarcinoma. Onco Targets Ther. 2014; 7: 567-73.

Ribas A. Adaptive immune resistance: how cancer protects from
immune attack. Cancer Discov. 2015; 5: 915-9.

Flies DB, Chen L. The new B7s: playing a pivotal role in tumor
immunity. ] Immunother. 2007; 30: 251-60.

Lee SJ, Jang BC, Lee SW, Yang Y, Suh SI, Park YM, et al. Interferon
regulatory factor-1 is prerequisite to the constitutive expression and
IFN-gamma-induced upregulation of B7-H1 (CD274) FEBS Lett.
2006; 580: 755-62.

Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim JH, et al.
Association of PD-1, PD-1 ligands, and other features of the tumor

immune microenvironment with response to anti-PD-1 therapy.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

169

Clin Cancer Res. 2014; 20: 5064-74.

Freeman GJ, Long AJ, Iwai Y, Bourque K, Chernova TA, Fitz L], et
al. Engagement of the PD-1 immunoinhibitory receptor by a novel
B7 family member leads to negative regulation of lymphocyte
activation. ] Exp Med. 2000; 192: 1027-34.

Taube JM, Anders RA, Young GD, Xu H, Sharma R, Mcmiller TL,
et al. Colocalization of inflammatory response with B7-h1
expression in human melanocytic lesions supports an adaptive
resistance mechanism of immune escape. Sci Transl Med. 2012; 4:
127ra37.

Tumeh PC, Harview CL, Yearley JH, Shintaku IP, Taylor EJ, Robert
L, et al. PD-1 blockade induces responses by inhibiting adaptive
immune resistance. Nature. 2014; 515: 568-71.

Ikeda S, Okamoto T, Okano S, Umemoto Y, Tagawa T, Morodomi
Y, et al. PD-LI is upregulated by simultaneous amplification of the
PD-L1 and JAK2 genes in Non-Small cell lung cancer. ] Thorac
Oncol. 2016; 11: 62-71.

Zhu J], Chen LX, Zou LT, Yang PP, Wu RR, Mao Y, et al. MiR-
20b,-21, and-130b inhibit PTEN expression resulting in B7-H1
over-expression in advanced colorectal cancer. Hum Immunol.
2014; 75: 348-53.

Fujita Y, Yagishita S, Hagiwara K, Yoshioka Y, Kosaka N, Takeshita
F, et al. The clinical relevance of the miR-197/CKS1B/STAT3-
mediated PD-L1 network in chemoresistant non-small-cell lung
cancer. Mol Ther. 2015; 23: 717-27.

Chen L, Gibbons DL, Goswami S, Cortez MA, Ahn YH, Byers LA,
et al. Metastasis is regulated via microRNA-200/ZEB1 axis control
of tumour cell PD-L1 expression and intratumoral
immunosuppression. Nat Commun. 2014; 5: 5241.

Barsoum IB, Smallwood CA, Siemens DR, Graham CH. A
mechanism of hypoxia-mediated escape from adaptive immunity in
cancer cells. Cancer Res. 2014; 74: 665-74.

Noman MZ, Desantis G, Janji BA, Karray S, Dessen P, Bronte V, et
al. PD-L1 is a novel direct target of HIF-1 alpha., and its blockade
under hypoxia enhanced MDSC-mediated T cell activation. ] Exp
Med. 2014; 211: 781-90.

Azuma K, Ota K, Kawahara A, Hattori S, Iwama E, Harada T, et al.
Association of PD-L1 overexpression with activating EGFR
mutations in surgically resected nonsmall-cell lung cancer. Ann
Oncol. 2014; 25: 1935-40.

Boland JM, Kwon ED, Harrington SM, Tang H, Yang P, Aubry
MC. Tumor B7-H1 and B7-H3 expression in squamous cell
carcinoma of the lung. Clin Lung Cancer. 2013; 14: 157-63.

Calles A, Liao X, Sholl LM, Rodig SJ, Freeman GJ, Butaney M, et al.
Expression of PD-1 and its ligands, PD-L1 and PD-L2, in smokers
and never smokers with KRAS mutant lung cancer. ] Thorac Oncol.
2015;10:1726-35.

Chen YB, Mu CY, Huang JA. Clinical significance of programmed
death-1 ligand-1 expression in patients with non-small cell lung
cancer: a 5-year-follow-up study. Tumori. 2012; 98: 751-5.

Chen YY, Wang LB, Zhu HL, Li XY, Zhu YP, Yin YL, et al.
Relationship between programmed death-ligand 1 and

clinicopathological characteristics in non-small cell lung cancer



170

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Mari Mino-Kenudson. PD-L1 immunohistochemistry in non-small cell lung cancer

patients. Chin Med Sci J. 2013; 28: 147-51.

Cooper WA, Tran T, Vilain RE, Madore J, Selinger CI, Kohonen-
Corish M, et al. PD-L1 expression is a favorable prognostic factor in
early stage non-small cell carcinoma. Lung Cancer. 2015; 89: 181-8.
D'incecco A, Andreozzi M, Ludovini V, Rossi E, Capodanno A,
Landi L, et al. PD-1 and PD-L1 expression in molecularly selected
non-small-cell lung cancer patients. Br J Cancer. 2015; 112: 95-102.
Kim MY, Koh J, Kim S, Go HA, Chung DH. Clinicopathological
analysis of PD-L1 and PD-L2 expression in pulmonary squamous
cell carcinoma: Comparison with tumor-infiltrating T cells and the
status of oncogenic drivers. Lung Cancer. 2015; 88: 24-33.

Konishi J, Yamazaki K, Azuma M, Kinoshita I, Dosaka-Akita H,
Nishimura M. B7-H1 expression on non-small cell lung cancer cells
and its relationship with tumor-infiltrating lymphocytes and their
PD-1 expression. Clin Cancer Res. 2004; 10: 5094-100.

Mao YX, Li W, Chen K, Xie YF, Liu Q, Yao M, et al. B7-H1 and B7-
H3 are Independent predictors of poor prognosis in patients with
non-small cell lung cancer. Oncotarget. 2015; 6: 3452-61.

Mu CY, Huang JA, Chen Y, Chen C, Zhang XG. High expression of
PD-L1 in lung cancer May contribute to poor prognosis and tumor
cells immune escape through suppressing tumor infiltrating
dendritic cells maturation. Med Oncol. 2011; 28: 682-8.

Velcheti V, Schalper KA, Carvajal DE, Syrigos KN, Sznol MA,
Gettinger SN, et al. Programmed death ligand-1 expression in non-
small cell lung cancer. Lab Invest. 2014; 94: 107-16.

Yang CY, Lin MW, Chang YL, Wu CT, Yang PC. Programmed cell
death-ligand 1 expression in surgically resected stage I pulmonary
adenocarcinoma and its correlation with driver mutations and
clinical outcomes. Eur J Cancer. 2014; 50: 1361-9.

Pan ZK, Ye F, Wu X, An HX, Wu JX. Clinicopathological and
prognostic significance of programmed cell death ligand1 (PD-L1)
expression in patients with non-small cell lung cancer: a meta-
analysis. ] Thorac Dis. 2015; 7: 462-70.

Huynh T, Oyarvide VM, Uruga H, Bozkurtlar E, Gainor JF, Hata
AN, et al. Clinicopathological and molecular parameters of lung
adenocarcinomas (ADC) associated with programmed cell death
ligand 1 (PD-L1) protein expression. ] Clin Oncol. 2015; 33
(supple): abstr 7555.

Harbison CT, Kurland JF, Horak CE, Cogswell JP, Inzunza HD, Hu
X, et al. Characterization of PD-L1 expression and assessment of
association with tumor histology and gene expression status in
pretreatment non-small cell lung cancer (NSCLC) tumor
specimens. ] Thorac Oncol. 2014; 9 (Supplement 9): S7-S52.
Zhong A, Xing Y, Pan X, Shi M, Xu H. Prognostic value of
programmed cell death-ligand 1 expression in patients with non-

small-cell lung cancer: evidence from an updated meta-analysis.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Onco Targets Ther. 2015; 8: 3595-601.

Rizvi NA, Brahmer JR, Ou S-HI, Segal NH, Khleif S, Hwu W], et al.
Safety and clinical activity of MEDI4736, an anti-programmed cell
death-ligand 1 (PD-L1) antibody, in patients with non-small cell
lung cancer (NSCLC). J Clin Oncol. 2015;33:suppl; abstr 8032.
Hato SV, Khong A, De Vries IJ, Lesterhuis WJ. Molecular pathways:
the immunogenic effects of platinum-based chemotherapeutics.
Clin Cancer Res. 2014; 20: 2831-7.

Bozkurtlar E, Uruga H, Huynh T, Lanuti M, Mark E, Mino-
Kenudson M. Comparison of programmed cell death ligand 1 (PD-
L1) expression in main tumor and lymph node metastasis of stage 2
and 3 lung adenocarcinomas. Mod Pathol. 2015; 28: 474A.

Tokito T, Azuma K, Kawahara A, Ish2 H, Yamada K, Matsuo N, et
al. Predictive relevance of PD-L1 expression combined with CD8+
TIL density in stage 3 non-small cell lung cancer patients receiving
concurrent chemoradiotherapy. Eur J Cancer. 2016; 55: 7-14.
Teixido C, Karachaliou N, Gonzalez-Cao M, Morales-Espinosa D,
Rosell R. Assays for predicting and monitoring responses to lung
cancer immunotherapy. Cancer Biol Med. 2015; 12: 87-95.
McLaughlin J, Han G, Schalper KA, Carvajal-Hausdorf D,
Pelekanou V, Rehman J, et al. Quantitative assessment of the
heterogeneity of PD-L1 expression in non-small-cell lung cancer.
JAMA Oncol. 2016; 2: 46-54.

Ilie M, Long-Mira E, Bence C, Butori C, Lassalle S, Bouhlel L, et al.
Comparative study of the PD-L1 status between surgically resected
specimens and matched biopsies of NSCLC patients reveal major
discordances: a potential issue for anti-PD-L1 therapeutic
strategies. Ann Oncol. 2016; 27: 147-53.

Kim J, Sorensen SF, Choi Y-L, Wang Z, Sun JM, Chio H, et al. PD-
L1 expression in paired nonsmall cell lung cancer tumor samples.
Cancer Res. 2015;75 (15 suppl): abstr 570.

Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel
JJ, et al. Cancer immunology. Mutational landscape determines
sensitivity to PD-1 blockade in non-small cell lung cancer. Science.
2015; 348: 124-8.

Ribas A, Robert C, Hodi FS, Wolchok JD, Joshua AM, Hwu W], et
al. Association of response to programmed death receptor 1 (PD-1)
blockade with pembrolizumab (MK-3475) with an interferon-
inflammatory immune gene signature. J Clin Oncol. 2015; 33
(suppl): abstr 3001.

Cite this article as: Mino-Kenudson M. Programmed cell death-ligand 1

(PD-L1) expression by immunohistochemistry: could it be predictive and/or

prognostic in non-small cell lung cancer? Cancer Biol Med. 2016; 13: 157-170.
doi: 10.20892/j.issn.2095-3941.2016.0009



